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(54) Downhole electricity transmission system 

(57) A downhole electricity transmission system uti- 
lizes the wall of an electrically conductive reelable pipe 
(6) of which the other surface is covered by an electric 
insulating material to transmit electric signals and/or 
power to and/or from a downhole location of an under- 
ground borehole. 



FIG.1 




LU 



Primed by Rank Xerox (UK) Business Services 
2.12.4/3.4 



1 



EP 0 721 053 A1 



2 



Description 

The invention relates to a downhole electricity trans- 
mission system and, more particularly, to a wireless sys- 
tem for transmission of electrical signals and/or power to s 
and/or from a downhole location of a underground bore- 
hole for the production of hydrocarbon fluids. 

Numerous attempts have been made to create 
downhole electricity transmission systems which obviate 
the need for fragile and expensive dedicated electric wir- 10 
ing. A known wireless downhole electricity transmission 
system is disclosed in US patent 4,839,644. The system 
known from this prior art reference comprises an electri- 
cal circuit which is formed by an electrically conductive 
well casing and a well tubing extending therethrough. A 15 
toroidal electrical signal transmitter and/or receiver is 
mounted at a downhole location in the annular space 
between the casing and tubing, which space is at least 
partly filled with a substantially non-conductive fluid, 
such as diesel, crude oil or air. 20 

Another known wireless downhole electricity trans- 
mission system is disclosed in US patent No. 4,057,781 . 
The system known from this prior art reference consist 
of a string of drill pipe sections having an insulating coat- 
ing painted thereon. Toroidal electrical windings are pro- 25 
vided at an uphole and a downhole location for 
transmitting electrical signals via the string of drill pipe 
sections between the uphole and downhole electrical 
windings. 

The patent states that the drill string sections which 30 
are screwed together alternate the electrical signals to 
such a high degree that the wireless communication is 
practical over only relatively short distances, for example 
about 300 metres. 

Yet another wireless downhole electricity transmis- 35 
sion system is disclosed in International patent applica- 
tion, publication No. WO 80/00727. The system known 
from this prior art reference utilises a insulated tubing 
string through which oil or gas is produced for transmis- 
sion of electrical signals between an uphole and a down- 40 
hole electrical connector. The known system comprises 
isolating subs mounted above the upper and below the 
lower connector for electrically insulating the top and bot- 
tom of the tubing string and, to ensure good electrical 
connection at the joints of the pipe lengths of the tubing 45 
string, the pipe lengths may be tightly torqued together 
such that cold welding occurs at each joint and, in addi- 
tion, a conducting paste (that may incorporate silver or 
graphite powder) may be used at each joint. 

Obviously the pipe sections of all the above- so 
described prior art systems need to be carefully joined 
together to ensure that satisfactory electrical connec- 
tions are made at the pipe joints. In addition measures 
are required to ensure that the insulation around the pipe 
string is not interrupted at the pipe joints. 55 

It is an object of the present invention to provide a 
borehole communication system which does not require 
the presence of dedicated electrical wires extending 
through the borehole, which can be installed more easily 



than the above-described prior art wireless communica- 
tion systems and in which electrical transmission losses 
are minimized. 

The downhole electricity transmission system 
according to the invention thereto comprises an electri- 
cally conductive pipe which forms part of an electrical 
system and extends through at least part of the length 
of an underground borehole, which pipe is at least partly 
formed by a reelable pipe of which the outer surface is 
covered over a substantial part of its length by a lining 
made of an electric insulating material. 

In a suitable embodiment of the downhole electricity 
transmission system according to the invention the bore- 
hole contains a production tubing for the production of 
hydrocarbon fluids, which tubing has a smaller outer 
diameter than the inner diameter of the borehole and the 
realable pipe is a reelable hydraulic line which is inserted 
in an annular space between the tubing and the borehole 
wall, which line is provided with a downhole and an 
uphole electrical coupling and has an outer surface 
which is covered over the entire distance between said 
couplings by a substantially continuous annular body of 
a plastic electric insulating material. 

Preferably the reelable hydraulic line forms part of 
the group consisting of a reelable hydraulic power supply 
line and a reelable fluid injection line for injecting a fluid 
into an underground formation surrounding the borehole. 

In an alternative embodiment of the system accord- 
ing to the invention the reelable pipe is a reelable pro- 
duction tubing for the production of hydrocarbon fluids. 
This tubing is provided with an uphole and a downhole 
electrical connector comprising a toroidal winding of an 
electrical conduit. The conduit is surrounded by an elec- 
tric insulating material and is wound around a ring made 
of a ferromagnetic material. The ring surrounds a section 
of the reelable production tubing and the tubing is sur- 
rounded over the entire distance between the upper and 
lower electrical connector by a substantially continuous 
body of a plastic insulating material. 

In yet another embodiment of the system according 
to the invention the reelable pipe is a reelable drill pipe. 

Further features, objects and advantages of the 
invention will become more readily apparent from the 
appended claims and from the following detailed 
description when taken in conjunction with the accom- 
panying drawings, in which 

Figure 1 is a schematic representation of a down- 
hole electricity transmission system according to the 
invention in which a reelable hydraulic power supply 
line and two toroidal windings are used; 
Figure 2 is a schematic representation of a down- 
hole electricity transmission system according to the 
invention in which a reelable production tubing and 
two toroidal windings are used; 
Figure 3 is a schematic representation of a down- 
hole electricity transmission system according to the 
invention in which a reelable fluid injection line and 
two electrical contacts are used; and 
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Figure 4 shows a longitudinal sectional view of the 
encircled detail of Figure 3. 

Referring now to Figure 1 , there is shown a borehole 
in an underground formation 2. A production tubing 3 5 
through which hydrocarbon fluids, such as crude oil 
and/or natural gas. are produced is suspended within the 
borehole 1 from a wellhead assembly 4. 

The production tubing 3 has a smaller outer diame- 
ter than the inner diameter of the borehole 1 and an to 
annular space 5 is formed between the tubing 3 and 
borehole wall, which space is filled with pressurized gas. 
A reelable hydraulic power supply line 6 is suspended 
from the wellhead 4 into the annular space 5. Hydraulic 
power can be supplied through the line 6 for actuating a is 
downhole valve 7. The valve 7 is a gas-lift valve through 
which gas may pass from the annular space 5 into the 
tubing 3 to provide a gas-lift for stimulating the production 
of crude oil through the well. 

A downhole monitoring device 8 is mounted below 20 
the valve 7 to monitor the downhole pressure, tempera- 
ture, velocity and/or composition of the fluids flowing 
through the tubing 3. 

A bi-directional electrical transmission system is 
provided for supplying electric energy to the device 8 and 25 
for transmitting electric signals that represent the moni- 
tored data from the device 8 to the surface. 

The transmission system utilizes the electrically 
conductive metal wall of the hydraulic line 6 to transmit 
electrical signals and power via an uphole toroidal cou- 30 
pling 9 and a downhole toroidal coupling 10 to and/or 
from the monitoring device 8. 

Each toroidal coupling 9, 10 comprises a toroidal 
winding of an electrical conduit which is covered by an 
electric insulating material (not shown) and which is 35 
wound around a ring (not shown) of a ferromagnetic 
material that surrounds a section of the hydraulic line 6. 
The outer surface of the hydraulic line 6 is over the entire 
distance between the connections 9 and 10 covered by 
an annular lining of a plastic insulating material. 40 

The hydraulic line 6 is electrically connected to the 
metal tubing 3 via the wellhead 4 and the downhole valve 
7 such that the hydraulic line 6 and tubing 3 form a closed 
electrical circuit. 

The two ends 12 of the electrical conduit of the 45 
uphole coupling 9 pass through the wellhead 4 to an 
electrical power source and data processor (not shown), 
whereas the two ends 13 of the electrical conduit of the 
downhole coupling 10 are connected to the device 8. 

If the electrical power source generates an electrical so 
current between the ends 12 of the electrical conduit of 
the uphole coupling 9 a magnetic field is induced in the 
ferromagnetic ring of the coupling 9, which field induces 
an electrical current to flow through the electrical circuit 
formed by the hydraulic line 6, tubing 3, wellhead 4 and 55 
downhole valve 7. 

Likewise, the electrical current flowing through said 
circuit induces a magnetic field in the ferromagnetic ring 
of the downhole coupling 1 0, which field induces an elec- 



trical current to flow between the ends 1 3 of the electrical 
conduit of that coupling 10. 

In the above-described manner electrical energy is 
transmitted from the electrical energy source at the sur- 
face to the downhole monitoring device 8, without the 
need for dedicated electrical wiring. 

A reelable hydraulic power supply line 6 which is * 
installed in the annulus 5 by winding the line 6 from a 
drum 14 at the wellhead (which drum 14 is normally 
removed after installation of the line 6) is particularly suit- 
able for use as electricity transmitter in the system 
according to the invention since such a line can be made 
in large lengths. Such a line can be provided with a con- 
tinuous layer of insulation which makes installation easy 
and which creates an efficient electrical transmission link 
in which interference is minimized. 

Electrical signals can be transmitted from the down- 
hole device 8 to the uphole data processor (not shown) 
at the surface via the electrical system in the same way 
as described above with reference to the transmission of 
electrical energy from the uphole power source to the 
device 8. 

Figure 2 shows an alternative embodiment of the 
electrical transmission system according to the invention 
in which the reelable pipe is formed by a coiled produc- 
tion tubing 20 which has been reeled from a drum 21 into 
a borehole 22 that has been drilled into a subterranean 
earth formation 23. 

After installation the tubing 20 is suspended from a 
wellhead 24 and the drum 21 is removed. 

An electrical transmission system is provided by the 
metal wall of the tubing and two toroidal couplings 25 and 
26. The system provides electrical energy for actuating 
a downhole valve 27 and data monitoring device 28 and 
for transmitting data obtained by the device 28 to the sur- 
face. 

The outer surface of the reelable tubing 20 is over 
the entire distance between the couplings 25 and 26 cov- 
ered by a lining of a plastic insulating material 29. The 
tubing 20 forms together with a steel well casing 30 and 
a steel downhole packer 31 and the wellhead 24 an elec- 
trical circuit through which electrical energy and/or sig- 
nals are transmitted in the manner as described with 
reference to the circuit of Figure 1 . 

Figure 3 shows yet another embodiment of the elec- 
trical transmission system according to the invention 
where an insulated reelable fluid injection line 40 is used 
for the transmission of electrical signals and/or power. 

The injection line 40 is suspended from a wellhead 
41 into a borehole 42 adjacent to a conventional steel 
production tubing 43. 

The injection line 40 is, as shown in Figure 4, at its 
lower end connected to an injection nozzle 44 via an 
electrically insulating sub 45 which is embedded in a 
body 46 of insulating material. The outer surface of the 
line 40 is covered by an annular body 47 of a plastic insu- 
lating material which extends from above the wellhead 
41 until the upper end of the body 46. 
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The steel nozzle 44 is electrically connected to the 
production tubing 43 and a pair of electrical wires 48 
interconnect a downhole data monitoring device 49 with 
electrical contacts 50 and 51 on the injection line 40 and 
the nozzle 44, respectively. 5 

At the surface electrical wirings 53 interconnect the 
tubing 43 and the injection line 40, which wirings 43 are 
equipped with an electrical power source 54, an imped- 
ance 55 and an electric amplifier 56. 

I n the embodiment shown in Figures 3 and 4 an el ec- 10 
trical circuit is formed by the wails of the hydraulic line 
40 and of the production tubing 43 and of the nozzle 44, 
the downhole wires 48 and the wiring 53 at the surface. 

The power source 54 generates an alternating elec- 
tric current in the circuit for supplying electrical power to is 
the downhole monitoring device 49. Any electric signals 
generated by the downhole monitoring device 49 are 
transmitted upwardly through the circuit and generate an 
electric signal across the impedance 55 which is ampli- 
fied by the amplifier 56 and then transmitted to a data 20 
processor (not shown). 

In an alternative embodiment of the well shown in 
Figure 3 a casing string (not shown) may surround the 
production tubing 43. This casing string may be fixed 
within the borehole 42 by a substantially annular body of 25 
cement that fills the annular gap between the casing 
string and borehole wall. If, in that case, the production 
tubing 43 needs to be regularly replaced, the insulated 
reelable injection line 40 may be installed in the annular 
body of cement. 30 

In that case the reelable injection line would pass 
through a downhole opening in the wall of the casing into 
the interior of the casing and be connected to the nozzle 
44 by a stab-in pipe connector. This connector could be 
equipped with electrical contacts or a co-annular indue- 35 
tive electrical coupling to interconnect one of the wires 
48 of the downhole monitoring device 49 and the metal 
wall of the reelable injection line. 

In many oil and/or gas production wells there are one 
or more production tubings which are fixed within the well 40 
casing by a series of steel packers and the annular space 
between the casing and and tubing(s) is filled with an 
electrically conductive brine. If in that situation an insu- 
lated fluid injection line as depicted in Figure 3 is used 
as one half of the electrical circuit then the other half of as 
the circuit would be formed by the assembly of tubing(s), 
casing(s) and brine, which assembly will provide an effi- 
cient electric link. 

It will be understood by those skilled in the art of 
petroleum engineering that the use of an at least partly so 
insulated reelable pipe for transmission of electricity 
through an underground borehole in accordance with the 
present invention will provide a reliable and efficient elec- 
tric link which can be easily installed in the borehole. 

It will also be understood that the reelable pipe may ss 
also consist of a coiled drill pipe which is run into a well 
which is being drilled from a drum. 



053 A1 6 
Claims 

1. A downhole electricity transmission system com- 
prising an electrically conductive pipe which forms 
part of an electrical system and extends through at 
least part of the length of an underground borehole, 
which pipe is at least partly formed by a reelable pipe 
of which the outer surface is covered over a substan- 
tial part of its length by a lining made of an electric 
insulating material. 

2. The system of claim 1, wherein the borehole con- 
tains a production tubing for the production of hydro- 
carbon fluids, which tubing has a smaller outer 
diameter than the inner diameter of the borehole and 
the realable pipe is a reelable hydraulic line which is 
inserted in an annular space between the tubing and 
the borehole wall, which line is provided with a down- 
hole and an uphole electrical coupling and has an 
outer surface which is covered over the entire dis- 
tance between said couplings by a substantially con- 
tinuous annular body of a plastic electric insulating 
material. 

3. The system of claim 2, wherein at least one of the 
electric couplings comprises a toroidal winding of an 
electrical conduit which is surrounded by an electric 
insulating material and which is wound around a ring 
made of a ferromagnetic material, which ring sur- 
rounds a section of the reelable hydraulic line. 

4. The system of claim 2 or 3, wherein the reelable 
hydraulic line forms, together with another electri- 
cally conductive well tubular, an electrical system in 
the form of a circuit, which is closed by providing 
electric connections between the wall of the hydrau- 
lic line and said other well tubular above the uphole 
and below the downhole electrical coupling. 

5. The system of claim 4, wherein said other well tubu- 
lar forms part of the group consisting of an electri- 
cally conductive well casing, an electrically 
conductive production tubing for the production of 
hydrocarbon fluids, and a annular space formed 
between a well casing and production tubing, which 
space is filled with an electrically conductive liquid, 
such as brine. 

6. The system of claim 2, wherein at least one of the 
electrical couplings is formed by an electrical contact 
through which electric signals and/or power is trans- 
mitted into or from the wall of the hydraulic line, and 
insulating means are provided for electrically insu- 
lating the wall of the hydraulic line in the area of the 
electrical contact from any other electrical conductor 
in the vicinity of the contact. 

7. The system of any one of claims 2-6, wherein the 
reelable hydraulic line forms part of the group con- 
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sisting of a reelable hydraulic power supply line and 
a reelable fluid injection line for injecting a fluid into 
an underground formation surrounding the bore- 
hole. 

5 

8. The system of any one of claims 2-7, wherein a well 
casing is present in the annular space between the 
production tubing and the borehole wall, which well 
casing is fixed to the borehole wall by means of a 
substantially annular body of cement and the reela- 10 
ble hydraulic line extends at least partly through said 
annular body of cement. 

9. The system of claim 1 , wherein the reelable pipe is 

a reelable production tubing for the production of is 
hydrocarbon fluids, which tubing is provided with an 
uphole and a downhole electrical connector com- 
prising a toroidal winding of an electrical conduit 
which is surrounded by an electric insulating mate- 
rial and which is wound around a ring made of a fer- 20 
romagnetic material, which ring surrounds a section 
of the reelable production tubing and the tubing is 
surrounded over the entire distance between the 
upper and lower electrical connector by a substan- 
tially continuous body of a plastic insulating material. 25 

1 0. The system of claim 1 , wherein the reelable pipe is 
a reelable drill pipe. 
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